INTRODUCTION
In recent years the trend in swine production has been toward the greater use of total confinement facilities. Consequently, pigs have been deprived of a valuable source of trace minerals in the soil. This lack may in turn be partially responsible for the observed increase in reproductive problems associated with confinement management. Literature search indicated a preponderance of information on trace minerals, particularly copper and iron, for growing pigs; however, there appears to be a paucity of such information for breeding swine. Research has been conducted with iron in sow diets as a means of preventing piglet anemia; however, very little knowledge is available on relationships between copper and iron for all parameters studied in connection with sow reproduction and hematology. Since litter size and early piglet mortality are two of the most important problems in swine reproduction, and since the National Research Council (1973) does not specify the requirement for copper and iron in sow diets, a study was conducted to determine the effect of copper and iron on reproductive performance and hematology of sows and their progeny maintained on concrete throughout four reproductive cycles.
EXPERIMENT PROCEDURE
Purebred 6-month-old Duroc gilts were maintained on concrete and fed a copper-deftcient, corn-soy basal diet (table 1) calculated to contain 4.6 ppm of copper and 100 ppm of iron. Otherwise, the diet met the National Research Council nutrient recommendations (1973) . After receiving the copper-deficient diet for 8 weeks, the gilts were randomly segregated into eight dietary treatments of eight each on the basis of body weight and plasma copper. The treatments represented a 4 x 2 factorial design in which four copper levels (0, 678 JOURNAL OF ANIMAL SCIENCE, Vol. 46, No. 3, 1978 15, 30 and 60 ppm from cupric sulfate) and two iron levels (100 and 200 ppm from ferrous sulfate) were tested. The 200 ppm level of iron actually represented 100 ppm already present in the basal diet plus 100 ppm of additional iron to increase the total concentration of supplemental iron to 200 ppm.
Each gilt was given approximately 1.8 kg of feed daily during gestation and 3.6 kg during lactation. The progeny were weaned at 3 weeks of age. At weaning the sows were deprived of feed and water for 24 hr and then fed 3.6 kg basal diet daily until bred. In the first reproductive cycle each gilt was mated twice 24 hr apart 3Atomic absorption Spectrophotometer Model 503, Perkin-Elmer Corporation, Norwalk, Connecticut (March, 1973) . Mention of a trade name, proprietary product, or specific equipment does not constitute a guarantee or warranty by the U.S. Department of Agriculture and does not imply its approval to the exclusion of other products that may be suitable.
to the same Poland China boar, while in the subsequent reproductive cycles each sow was mated twice 10 to 12 hr apart to different Poland China boars. After breeding the sows were returned to their respective dietary treatments.
Traits studied included gestation, lactation, and weaning to estrus weight changes, total and live pigs farrowed, total and live pig birth weights, weaned weights and hematolOgics! studies as follows: hemoglobin (Hb), hematocrit (Hct), plasma copper and iron. Blood samples were obtained from the anterior vena cava at breeding, the 109th day of gestation, at 24 hr and 3 weeks postpartum for sows, and at 24 hr and 3 weeks postpartum for progeny. After the progeny were bled at 24 hr postpartum, each piglet was given an intramuscular injection of 100 mg of iron dextran.
Heparin was used as an anticoagulant at the rate of .2 and .1 mg/ml of blood for sows and for progeny, respectively. Hemoglobin was determined by the cyanomethemoglobin method of Crosby et al. (1954) and Hct by the microcapillary method of MeGovern et M. (1955) . After the HB and Hct were determined, the blood was centrifuged and the resultant plasma frozen for later residue analyses of copper, iron and zinc. The trace mineral amdyses were determined by atomic absorption spectrophotometric technique 3 .
The data were analyzed statistically by least square analysis of variance (Harvey, 1960) and by polynomial regression techniques (SnedecoL 1956) . Statistical significance statements pertain to the probability level of .05 or less. Although cycle was a co-variate in the model, cycle effects were deleted from the tables because of a lack of significance of cycle x diet interaction for all parameters studied except plasma copper and iron of sows and their progeny and progeny Hb and Het. Progeny weights were adjusted for litter size in the analyses of co-variance.
R ESU LTS
Sow weight changes during gestation, lactation, and weaning-to-estrus were not significantly influenced by supplemental copper or iron (table 2) . However, a copper • iron interaction (P<.05) was observed for lactation weight change. This interaction resulted from greater decreases in body weight in direct proportion to supplemental copper level with the 100 ppm Supplemental copper or iron in the sow diets exerted no significant effects on the number of total and live piglets farrowed and number of pigs weaned at 3 weeks of age (table 2) .
The average adjusted birth weight per pig, both for total number farrowed and for those born alive, was linear and greater (P<.01) for pigs from sows fed supplemental copper than for pigs from sows fed no copper (table 2) . However, this finding was not true for the average weaned weight per pig except at the 60 ppm copper level. Supplemental iron did not affect birth weight.
The data on hematology and plasma copper and iron of sows and their progeny as influenced by supplemental copper and iron are presented in table 3. Supplemental copper exerted no effect on Hb levels of sows but affected Hct (P<.05) and plasma copper and iron levels (P<.01) by increasing the Hct concentration from the 0 to 15 ppm copper level and by decreasing the Hct concentration at the higher copper levels. Supplemental iron had no effect on any of the parameters. However, a copper x iron interaction (P<.01) was observed for plasma iron of sows in that the plasma iron on 0, 15, and 30 ppm supplemental copper was higher with 100 ppm iron than with 200 ppm iron, whereas the reverse was true for plasma iron concentration at the 60 ppm copper level.
Progeny hematology and plasma copper and iron data, as presented in table 3, showed that supplemental copper or iron in the sow diet exerted no significant effect on the subsequent Hb or Hct. However, a linear copper • iron interaction (P<.01) was observed for Hct, in which Hct increased with supplemental copper at the 100 ppm iron level while the reverse was noted at the 200 ppm level. With respect to plasma trace mineral concentration, supplemental copper and iron in the sow diet affected the plasma copper and iron concentration of progeny (P<.01) and also resulted in a copper X iron interaction in plasma concentration (P<.01). Plasma copper increased with supplemental copper level, while the reverse was true for plasma iron. Increasing iron from 100 to 200 ppm in the sow diet significantly decreased plasma copper and significantly increased plasma iron of progeny. The interaction for progeny plasma copper occurred when 100 ppm of supplemental iron in the sow diet produced a linear increase plasma copper whereas 200 ppm supplemental iron did not induce a response in plasma copper at the 0, 15, and 30 ppm supplemental copper.
Although not shown in table 3, a cycle • treatment interaction occurred as a result of variation among cycles for concentration of plasma copper and iron of sows and their progeny and for Hb and Hct of progeny (P<.O 1 ).
The effect of bleeding time on hematology and plasma trace mineral concentration is summarized in table 4 for sows and in table 5 for progeny. Bleeding time for sows had no effect on Hb and plasma copper. However, bleeding time indicated a decrease in Hct values from breeding through 24 hr postpartum and then an increase at 3 weeks postpartum (P<.01). Also plasma iron increased steadily from breeding time to 3 weeks postpartum (P<.01). The data with progeny (table 5) showed that bleeding time effects (P<.01) resulted in higher values at 3 weeks postpartum than at 24 hr postpartum for Hb, Hct, and plasma copper and iron. The possibility that iron dextran injection after bleeding at 24 hr postpartum and exposure to sow fecal matter may have increased plasma Fe values at 3 weeks postpartum should not be overlooked. An interaction between bleeding time and supplemental iron in the gestation diet occurred when plasma Fe levels were higher for 200 ppm Fe than for 100 ppm Fe except at the 15 and 30 ppm copper levels at 24 hr postpartum and at the 60 ppm copper level at 3 weeks postpartum.
A comparison of the hematology and plasma copper and iron concentration between sows and their progeny indicated similar trends in values for plasma copper and iron as affected by supplemental copper, and bleeding time at 24 hr and 3 weeks postpartum. Furthermore, Hct values showed similar trends for sows and their progeny as affected by bleeding time at 24 hr and 3 weeks postpartum.
Discussion
The fact that total and live pig birth weights, 3-week weaned weights, and progeny plasma copper were significantly increased by supplemental copper in sow diets suggests that diets for confined sows should contain supplemental copper. According to the weights the amount should be 60 ppm, but according to hematology, the copper level is only 15 ppm. However, the copper requirement for maximizing hema- tology may be lower than that required for growth. In studies with miniature sows reared in confinement and fed a copper-deficient diet throughout three reproductive cycles, Cancilla and Barlow (1970) reported no differences in Hct but did reveal decreased copper concentration in serum. Our findings do not agree with those of these workers for Hct, but do agree with their findings for plasma copper concentration. No data were reported by these workers for Hb or reproductive parameters. In our studies, the incorporation of iron in sow diets did not affect Hb of sows or their progeny. This finding agrees with that of Kirchgessner and Pallauf (1973) . However, Hemingway et al. (1974) reported that suckling pigs given no iron dextran injections showed improved Hb if kept with sows fed 600 ppm iron with or without 250 ppm of copper. Their work did indicate that iron injections produced a greater increase on Hb values than did supplemental iron or copper, or both. Conversely, Svajgr (1976) demonstrated that the effectiveness of supplemental iron in sow diets to prevent piglet anemia depended on the type of iron chelation. Of all iron chelates tested, the amino acid chelate that is naturally formed by soil microbes produced largest birth weights and normal Hb throughout nursing without iron dextran injections when given to sows from 30 days prepartum through lactation. Looker (1973) stated that Hb was a good indicator of litter size: sows producing normal litters exhibited 10 to 12 g of Hb/100 ml of blood while those sows producing a high percentage of stillbirths showed 6 to 8 g of Hb/100 ml of blood. Adding 100 ppm of ferrous sulfate to the diet and/or injecting 500 mg of iron dextran per sow alleviated the high incidence of stillbirths within 25 days. Although not reported in the tables, our data showed that several sows, mostly in cycles 1 and 2, produced a high percentage of stillbirths despite their normal Hb values. Undoubtedly, other factors besides Hb are responsible for the high percentage of stillbirths.
The copper • iron interactions for sow lactation weight changes, sow plasma iron, and progeny Hct, and progeny plasma copper and iron, as reported in this paper, had no effect on litter size or early pig mortality. Therefore, such interactions may not be considered as important criteria in establishing the copper and iron requirements for confined sows. It is entirely possible that the requirement for copper and iron will depend on type of iron chelation, the presence or absence of other micronutrients not present in the copper-deficient corn-soy basal diet used in the study, such as selenium and ascorbic acid, and environmental stresses. In this case, differentiation undoubtedly should be made between dietary vs chemotherapeutic requirements for copper in swine diets. The significant effects of supplemental copper in sow diets on several parameters studied in this paper could be a reflection of a chematberapeutic rather than a dietary viewpoint due to stresses incurred in confinement. Further research is needed to establish copper and iron requirements as well as to re-evaluate other nutritional requirements of confined sows for maximum reproductive performance and hematology.
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